The Toxicity and Potential Dangers of Aliphatic and Aromatic Hydrocarbons * by von Oettingen, W. F.
THE TOXICITY AND POTENTIAL DANGERS OF
ALIPHATIC AND AROMATIC HYDROCARBONS*
W. F. VON OETTINGEN
In discussing the toxicity and potential dangers of aliphatic and
aromatic hydrocarbons it may be well to start with an outline of the
toxicology of aliphatic hydrocarbons and follow this by a discussion
of the toxicological properties of benzene and its homologues, the
aromatic hydrocarbons.
Aliphatic hydrocarbons
The aliphatic hydrocarbons play an increasing role as solvents in
different industries and the appraisal of the hazards connected with
their use offers considerable difficulties because most of these solvents
represent mixtures, sometimes of heterogeneous nature, and because
their composition is frequently only incompletely known. In order
to evaluate the potential dangers of such mixtures it is essential to
be familiar with the toxicological and chemical properties of the
individual members of such homologous series as the paraffins,
olefines, acetylene derivatives, and saturated and unsaturated cyclo-
paraffins.
Of these the paraffins, or saturated hydrocarbons of the general
formula C.H2.-2, are chemically quite inactive, as is indicated by
their inertness towards concentrated sulfuric acid and cold fuming
nitric acid, the former allowing their separation from olefines, acety-
lene derivatives, and aromatic hydrocarbons. The lower homo-
logues of this group, methane, ethane, propane, and butane, are
gases under ordinary conditions; those with from 5 to 15 carbons
are liquids; the higher members are solids. Their boiling point
increases with the molecular weight. The solubility in water of the
gaseous members of this series increases from methane to butane and
decreases with the higher homologues from pentane to octane. Data
on the solubility of the paraffins in oil are rather incomplete and do
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not allow the calculation of the partition coefficient oil/water. These
compounds have narcotic properties butthese are of a verylow order.
With methane, 80 volume per cent in oxygen causes onlyslight dizzi-
ness and flushing of the face; with ethane, similar concentrations
cause no anesthesia; whereas with propane a 90 volume per cent
mixture with oxygen causes anesthesia with relaxation and loss of
reflexes. Whereas little information is available regarding the nar-
cotic action of butane and pentane, it appears that the latter is some-
what more depressant than propane. The narcotic action increases
with the higher homologues, hexane and heptane; octane being no
more effective than heptane. It appears, therefore, that the narcotic
action of paraffins is of such low order that it is of little significance
for industrial exposure. It should, however, be pointed out that in
many instances the narcotic action is associated with a fall in blood
pressure and that, in addition, such concentrations may readily cause
arrest of the respiration. With some of the hydrocarbons the
margin of safety between narcotic and fatal concentrations is very
small. The few available data indicate that hydrocarbons with
straight side chains are more potent than are compounds with an
equal number ofcarbons but with branched chains. Tremors, twitch-
ings, and tetanic convulsions observed with some of these compounds
are probably due to sudden paralysis of the respiratory center at a
time when the excitability of the spinal cord is still preserved or
possibly temporarily increased. The irritant action of the paraffins
on the nerve endings in the skin is evidently quite marked, increasing
in its intensity from pentane to heptane and octane.
The olefinic hydrocarbons of the general formula CnH2n have
one double bond in the carbon chain. As with the paraffins thelower
homologues of this series are gases; those with 5 to 18 carbons in
the chain are liquids; and the higher homologues are solids. They
are soluble in sulfuric acid with the formation of alkyl-sulfuric acids,
and their boiling point increases with the molecular weight.
As in the previous series the narcotic action of these hydrocarbons
increases with their molecular weight, their boiling point, and, as
far as data are available, with the inverse ratio of their solubility in
water and their solubility in oil. The narcotic concentrations decrease
from ethylene (85-90 per cent) over propylene (37-50 per cent),
butylene (20 per cent), amylene (6 per cent), and hexylene and
heptylene to octylene (0.5 per cent). As the narcotic action increases
the margin of safety becomes smaller and smaller and in addition
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the anesthesia is preceded by increased excitability, tremors, twitch-
ings, and even clonic convulsions. Whereas the lower members of
this series have no marked depressant effect on the respiration, this
becomes mQre marked with higher homologues, and with butylene
and amylene sudden respiratory arrest may be observed. Similarly,
narcotic concentrations of ethylene and propylene cause only a mod-
erate fall of the blood pressure but with higher concentrations of
the latter the fall may be considerable and abrupt, and disturbances
of the cardiac rhythm may be observed; with amylene even narcotic
concentrations may cause a marked fall of the blood pressure. It
should be pointed out that 37 per cent of ethylene and 6.4 per cent
of propylene cause disturbances of memory and coordination even
after inhalation for only a few minutes. In addition it has been
shown that olefines with more than four carbons cause increase of
the reflex excitability, muscular fibrillation, twitchings, and convul-
sions, the latter appearing shortly before the respiratory arrest.
The irritant action of olefines is less marked thanthat ofparaffins.
When applied to the intact skin they cause, less readily, edema of
the superficial layers of the skin and inflammatory reactions.
Animal experiments and clinical experience indicate that with the
higher olefines an injurious effect on the liver and a vagomimetic
action may be observed, the latter resulting in myosis, salivation,
slowing of the pulse rate, and spastic conditions of the urinary and
gastro-intestinal tracts.
It appears, therefore, that olefinic hydrocarbons are definitely
more toxic than are the corresponding saturated compounds; that
exposure to comparatively low concentrations may interfere with
coordination, affect the memory, and reduce the reaction time; and
that with the higher homologues of this series injurious effects on the
liver also may be observed.
Introduction of a second double bond into olefines, resulting in
the formation of diolefines, increases the narcotic action. Thus
propadiene is about twice as potent as propylene, and butadiene is
more effective than n-butylene. In man, inhalation of a 1 per cent
mixture of butadiene for five minutes causes, however, no effects
other than a slight quickening of the pulse and a slight feeling of
prickling and dryness in mouth and nose. Repeated and prolonged
exposure to 6.3 per cent (63,000 p.p.m.) may cause some irritation
of the respiratory tract. The higher homologue of butadiene, iso-
prene or nrethyl butadiene, has more marked narcotic and irritantYALE JOURNAL OF BIOLOGY AND MEDICINE
properties than butadiene itself, and experiments with mice indicate
that narcotic concentrations may have some injurious effect on the
blood and blood-forming organs.
Introduction of a triple bond into ethane yields acetylene, which
is about 1.15 times as potent a narcotic as is ethylene, producing
narcosis in concentrations of 40 per cent in oxygen. Narcotic doses
have no unfavorable effect on the circulation and may even have a
favorable effect by increasing the cardiac output, slowing the pulse
rate, and increasing the blood pressure. In judging the potential
dangers of acetylene one has to consider that the technical product
may be contaminated with small quantities of hydrogen sulfide and
phosphine, both of which are very toxic compounds.
The cycloparaffins resemble paraffins in their chemical behavior
in that they are not affected by sulfuric acid, nitric acid, and nitrating
mixtures in the cold; when heated they will, however, form sulfonic
acids and, depending upon the conditions, nitro compounds or oxides.
Their specific weight is, as a rule, greater than that of the corre-
sponding olefines, and those containing five and six carbons are
liquids with an odor resembling coal oil. They are found in certain
coal oils, as for instance in that from Baku.
The lowest member of this series is cyclopropane. In concentra-
tions of 11 per cent with oxygen this will cause anesthesia within 15
minutes, being about six times as effective as ethylene. Higher
concentrations of 25 to 30 per cent may cause lowering of the blood
pressure and depression of the respiration, both of which will return
rapidly to normal upon discontinuation of the exposure. Initial
cardiac irregularities observed in cyclopropane anesthesia are pre-
sumably of vagal origin because they can be prevented by atropiniza-
tion. As a rule cardiac irregularities are observed only after the
respiration has been seriously impaired. Of its derivatives, methyl
cyclopropane is said to have a deleterious effect on the heart action,
dimethylpropane has more marked narcotic properties than methyl
cyclopropane, and trimethyl cyclopropane is even more potent in
this respect, but none of these are suitable for use as anesthetics.
Cyclopentane has more marked narcotic properties than cyclo-
propane; its derivatives, methyl, ethyl, and propyl cyclopentane, are
more powerful anesthetics and also relatively more toxic than is
cyclopentane, but the margin of safety between narcotic and fatal
concentrations increases from the methyl to the propyl derivative.
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The highest member ofthis series, cyclohexane, has more marked
narcotic properties than cyclopentane, but it appears to produce a
greater fall of the blood pressure and to stimulate the blood-forming
organs. Introduction of one methyl or ethyl, or two ethyl groups
into cyclohexane increases both the narcotic action and the toxicity.
Introduction of one double bond into cyclohexane increases the nar-
cotic action and this is further increased by a second double bond.
It appears to be characteristic for cycloparaffins that narcotic and
fatal concentrations are in most instances close together, which may
indicate that exposure to high concentrations of their vapors is more
dangerous than that to open chain hydrocarbons.
This short synopsis indicates that the narcotic action of aliphatic
hydrocarbons increases from paraffins, over olefines, diolefines, and
acetylene, to cycloparaffins, and that within each group it increases
from one, two, and three carbon compounds to those with six and
seven carbons, the higher homologues having a vapor tension so low
as to interfere with their narcotic action. In addition, the olefines
may have an injurious effect on the liver; in certain concentrations
they may cause stimulation of the vagus; and with cycloparaffins a
stimulant effect on the blood-forming organs may result.
Since benzin from different sources may vary considerably with
regard to its composition as to paraffins, olefines, and cycloparaffins
and with regard to different members of these groups, it is evident
that different brands of benzin may vary considerably with regard to
their toxicological properties. Thus benzin from Pennsylvania coal
oil contains mainly paraffins, which also holds true for the Caucasian
benzin from Grosny and Maikop. On the other hand, benzin made
from coal oil coming from Baku, Texas, California, Mexico, and
from some Japanese and Galician wells is said to be rich in cyclo-
paraffins. In addition, Rumanian and Galician brands may contain
from 20 to 24 per cent of aromatic hydrocarbons and some from
Borneo even as much as 40 per cent. The toxicity ofbenzin increases
with its specific gravity and its boiling point, which are functions of
the length of the carbon chain of the different hydrocarbons in each
group, and it depends also upon the per cent ratio between paraffins,
olefines, cycloparaffins, and aromatic hydrocarbons in that the toxicity
of samples ofbenzin of equal boiling point increases with the amount
of cycloparaffins and the decreasing percentage of paraffins. Most
of the German and French studies on the toxicity of benzin, andYALE JOURNAL OF BIOLOGY AND MEDICINE
many made in this country, were presumably made with benzin
consistinglargely ofparaffinic hydrocarbons and therefore deal essen-
tially with the toxicological picture produced by this type of benzin.
Benzin causes irritation of the skin and the mucous membranes.
In the opinion of Bartosch the vascular reactions following the appli-
cation of hydrocarbons to the skin are largely due to liberation of
histamine, and for this reason intimate contact of the skin with benzin
may elicit allergic phenomena due to sensitization for other agents.
This irritant action on the intact skin increases from alkanes, over
alkenes, to cycloparaffins, and within homologous series from the
lowest member to those with six and seven carbons. The maximal
irritant action appears to be bound to a certain molecular size, the
solubility in water and in lipoids, the adherence to the tissue, and
possibly also to the velocity of their absorption into the circulation,
so that those compounds which remain longest at the site of the
application are liable to be the most irritant.
Benzin may be absorbed through the lungs, the gastro-intestinal
tract, and, to a certain extent, through the skin. As may be expected
from the toxicological properties of the different aliphatic hydro-
carbons, the narcotic effect of benzin on the central nervous system is
predominant, and this, as found by Lehmann, is more marked with
benzin of higher specific gravity and boiling point than with the
lower fractions. This narcotic action is preceded by a period of
more orless marked excitement and temporary convulsive twitchings,
but information is lacking as to what extent this may vary with dif-
ferent brands of benzin. The margin between narcotic and fatal
concentrations is very narrow, as is indicated by the relatively high
incidence of 24 per cent of fatalities of acute benzin poisonings.
When inhaled in sufficiently high concentrations benzin causes a fall
of the blood pressure which in part is due to peripheral vasodilata-
tion, and when combined with epinephrine it may produce cardiac
fibrillation more readily than observed with benzol.
The effect of benzin on the blood and blood-forming organs has
aroused much interest in view of the marked hematotoxic action of
benzol. Earlier investigators, such as Pappenheim, thought that
benzin caused essentially the same effects on the blood, the hemo-
poietic apparatus, and the parenchymatous organs as benzol, although
to a lesser extent. More recently, however, Engelhardt, who
worked with a paraffinic benzin in rabbits and cats, found that with
repeated exposure to concentrations of from 25 to 200 mg./l. for
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from 11 to 67 days the number of red blood cells, the concentration
of hemoglobin, and the white blood cells were not affected, with the
exception of the higher concentrations which caused leukocytosis and
a relative lymphocytosis. He found no signs of a destructive effect
of benzin on the blood-forming organs. On the other hand, Rus-
sian investigators, working with brands of benzin containing an
appreciable percentage of aromatic hydrocarbons, reported evidence
of a destructive effect on the blood. In contrast to these findings
with inhalation of benzin, experiments performed with subcutaneous
injections of benzin gave evidence of a moderately destructive effect
ofbenzin on the red blood cells and of a moderate leukocytosis. The
difference between the effects as observed after inhalation and fol-
lowing subcutaneous injection may be explained in part by the severe
local irritation caused by the injection of such irritant materials,
resulting in the formation of abscesses and local necrosis.
In man the effect of benzin on the central nervous system is also
the outstanding phenomenon. According to Flury, 30,000 p.p.m.
are fatal when inhaled for from five to ten minutes; 20,000 p.p.m.
are toxic when inhaled for one-half to one hour; whereas 15,000
p.p.m. may be tolerated for the same period of time. One thousand
p.p.m. are assumed to represent the maximal permissible concentra-
tion for continued exposure.
The picture of acute benzin poisoning varies with the intensity,
with regard to both concentration and duration, of exposure. In
light cases the face may be flushed, the patient may offer the picture
of inebriation and burst into hysterical laughter; he may have an
atactic, staggering gait, and later develop nausea, vomiting, and
headache. In more severe cases the patient first becomes dizzy and
may suffer from nausea and vomiting; then he becomes unconscious;
and later he may develop tremors, twitchings, and even convulsions.
The respiration may be slow, deep, orshallow, and sometimes stridu-
lous; the pulse may be rapid and thready; the mucous membranes
are cyanotic and hyperemic; the skin is cold and clammy as in col-
lapse. After recovery from the acute stage, irritation of the kidneys
may develop, and, depending upon the seriousness of the poisoning
and the duration of the unconsciousness, serious neurological after-
effects may develop, as seen with other central depressants.
Cases ofsubacute or chronic benzinpoisoning have been reported
by several Russian observers, but since these presumably refer to
exposure to benzin from Caucasian oils containing an appreciableYALE JOURNAL OF BIOLOGY AND MEDICINE
percentage of aromatic hydrocarbons it appears questionable whether
such findings may be encountered under similar conditions with
exposure to paraffinic benzin. Frumina and Fainstein noted, for
instance, in workers exposed to concentrations of from 7.6 to 9 mg./l.
(approximately 2280 to 2700 p.p.m.) primary excitement and subse-
quent fatigue which subsided rapidly upon discontinuation of the
exposure. Others complained about excitability, insomnia, vertigo,
visual disturbances, and loss of memory. Many were said to have
suffered from functional neuroses and from anemia and relative
lymphocytosis. Female workers may show a tendency to delayed
menstruation. Vigdortschik reported an increased incidence of bron-
chitis and infections of the upper respiratory tract, anemia with stip-
pled bloodcells, conjunctivitis, and skin affections in workers exposed
to concentrations of from 0.5 to 2.0 mg./l. (approximately 150 to
600 p.p.m.). It appears, however, questionable whether or not his
conclusions are warranted.
With regard to late effects of benzin poisoning, irritation of the
kidneys and pneumonia have been reported and some investigators
also claim to have found a decreased resistance to other infectious
diseases.
Ingestion of benzin is characterized by burning pain in the
pharynx and chest and by intense irritation of the entire gastro-
intestinal tract, resulting in vomiting, colic, and diarrhea with bloody
stools. In case sufficient benzin has been absorbed the patient may become dizzy, unconscious, and comatose; the respiration becomes
slow, shallow, and stridulous; the lungs become intensely hyperemic
and hemorrhagic, so that bloody foam appears at the mouth; and,
finally, the patient may offer the picture of collapse. Subsequent
to the recovery from the acute effects, nephritis, pneumonia, and
bronchitis may be observed.
With regard to the prevention of benzin poisoning, adequate
and proper ventilation and the greatest personal hygiene are of
importance. Persons suffering from tuberculosis, functional neu-
roses, diseases of the blood or blood-forming organs, dermatitis, or
chronic nephritis should be excluded from exposure to benzin.
Coal oil which contains the higher, less volatile fractions of
petroleum only occasionally has given rise to industrial poisonings
when small enclosures, such as tanks, were entered without adequate
precautions. They are of similar nature as observed with benzin.
Most cases of poisoning result from accidental ingestion and are
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therefore of little importance from the industrial toxicological point
of view.
Aromnatic hydrocarbons
It is generally agreed that, regarding their occupational hazards,
the aromatic hydrocarbons, especially benzene (benzol), are more
dangerous than are the aliphatic hydrocarbons.
The lowest member of this series is benzene, which is absorbed
from all mucous membranes and also through the intact skin, the
main route of absorption with industrial exposure being through the
lungs. Benzene is mainly stored in the central nervous system and
its distribution in other organs varies with the time elapsed after the
exposure. It is partly oxidized in the organism with the formation
of phenol and polyphenols, which are conjugated and excreted with
sulfuric and glucuronic acids. As shown by Nencki and Sieber, the
degree of this oxidation may vary considerably with different indi-
viduals, but the amount oxidized by one individual is very constant.
It appears further, by the work of Nencki and Giacosa, that oxidation
and conjugation do not necessarily go in parallel. About 40 to 50
per cent of the absorbed benzene is excreted through the lungs.
Benzene and its vapors cause some irritation of the mucous mem-
branes and of the skin. The latter may lead to dermatitis, and
because benzene removes the protective fat layer of the skin it may
open the way for secondary infections.
In addition to irritation of the mucous membranes of the upper
respiratory tract, early symptoms of moderate benzene poisoning are
excitement, headache, vertigo, nausea, vomiting, burning sensations
in the epigastric region, giddiness, frequent urination, and weakness.
In more severe cases unconsciousness, muscular twitchings, and even
convulsions may be observed. Death results from respiratory and
circulatory failure. The convulsions observed in benzene poisoning
have been linked to the production of phenol, the oxidation product
of benzene, but it has been shown that the oxidation of benzene to
phenol is very slow, and, in addition, phenol convulsions are of a
different type than are those seen in benzene poisoning, and it
appears that they are caused by benzene itself. It has been stated
that inhalation of concentrations of 20,000 p.p.m. for from five to
ten minutes may be fatal; 7500 p.p.m. will cause acute toxic symp-
toms if inhaled for from one-half to one hour; whereas 3000 p.p.m.
may be tolerated for the same period of time. The maximal allow-YALE JOURNAL OF BIOLOGY AND MEDICINE
able concentration for eight hours' exposure daily is at present
accepted as 100 p.p.m.
The clinical picture of chronic benzene poisoning shows con-
siderable variation, depending upon the intensity and duration of the
exposure. The most common complaints from the nervous system
are headache and vertigo, irritability, and restless sleep. Many
patients develop tremors, and in more severe cases neuritides and
occasionally anesthesias and paresthesias, and injuries of the spinal
cord and of the pyramidal tracts may be observed. In severe cases
there may be a sepsis-like fever which may be of central origin or
caused by the absorption of hemorrhages. Symptoms from the gas-
tro-intestinal tract, such as lack of appetite and nausea, are quite
common, and injurious effects on liver, kidneys, and occasionally also
on other glandular structures may be observed. One of the most
conspicuous signs of chronic benzene poisoning is hemorrhages from
the skin and mucous membranes, especially from the nose and gin-
giva, and hemorrhages from the gastro-intestinal and genito-urinary
tracts. Most significant are, however, the changes of the blood pic-
ture in chronic benzene poisoning. Already the first reports on
chronic benzene poisoning mention more orless severe anemia which,
in contrast to anemia seen from exposure to other hydrocarbons, is
characterized by a conspicuous absence of regenerative forms. This
change of the red blood cell picture is, however, less characteristic
and occurs later than do the abnormalities of the white blood cells.
In some cases there may be a temporary leukocytosis, later a relative
lymphocytosis, and finally a leukopenia. Before the onset of leu-
kopenia the white blood cells may already show a greater fragility.
It appears that the severity of the poisoning is reflected in the reduc-
tion of leukocytes, and that the prognosis for survival becomes bad
if their number drops below 1000. The leukopenia may be pre-
cededbyand is frequently associated with athrombopenia. Whether
this thrombopenia or injury of the vascular walls is the cause of the
hemorrhages seen in chronic benzene poisoning appears to be still
open to discussion. These effects on the blood picture are the out-
come of an injurious effect of benzene on the bone-marrow and other
myeloid structures, whereas the lymphoid tissue is much less readily
affected. This effect is characterized by a primary stimulation and
subsequent depression of the hemopoietic functions of the bone-
marrow. It should also be mentioned that in benzene poisoning the
formation of antibodies and other factors of the self-defense mechan-
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ism of the organism may be seriously impaired, so that persons suf-
fering from benzene poisoning may be more liable to succumb to
infectious diseases. With regard to the question as to whether or
not benzene itself or some of its metabolites, phenol, pyrocatechol,
or hydroquinone, are responsible for this effect on the bone-marrow,
it has been shown that small doses of phenol do not have this
deleterious effect on the bone-marrow but that such effects are pro-
duced by small doses of pyrocatechol and hydroquinone. Since it
was shown by Nencki and Giacosa that injury of the liver, such as
that produced by phosphorus and chlorinated hydrocarbons, inter-
feres with the oxidation of benzene to phenols, and because a recent
report of McCarty and Tillet shows that administration of sulfa-
pyridine together with benzene prevents leukopenia and reduces the
formation of phenol, it appears that the effect of benzene on the
hemopoietic apparatus may be due to the metabolites, pyrocatechol
and hydroquinone, rather than to benzene itself. This assumption
appears to be supported by the fact that other aromatic hydrocarbons
which have a different metabolic fate in the organism do not have
the same detrimental effect on the blood and blood-forming organs.
This question is being investigated at present in our laboratory and
it is hoped that these studies may offer some explanation for varia-
tions in the susceptibility of different persons to benzene.
With regard to the prevention of benzene poisoning, proper
selection of the personnel appears to be very important. Persons
suffering from chlorosis, anemia, hemorrhagic conditions, tubercu-
losis, or diseases of the heart and kidneys should be excluded from
exposure to benzene. Whether female workers, especially young
ones, offer a greater risk than male workers has been answered in
the affirmative and in the negative, but pregnancy should definitely
be considered as a predisposing factor to injury. All persons hand-
ling benzene should undergo periodic medical examinations, and
special emphasis should be placed on the blood picture. The
existence of a leukocytosis or the finding of a relative lymphocytosis
should warn against further exposure. Leukopenia of 5000 and less
should be considered as a sign of definite poisoning. The same
holds true for evidence of hemorrhages, reduction of the red blood
cells by 25 per cent and of the hemoglobin by 30 per cent; and an
increase of the basophilic cells may also be of pathognomonic impor-
tance. The determination of the inorganic sulfates in the urine, as
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excessive exposure in case these are reduced by from 25 to 30 per cent
below the normal level.
With regard to the treatment of benzene poisoning, it is very
essential that the patient be removed from any further exposure until
completely cured. The anemia may be successfully treated by
repeated blood transfusions, especially when combined with iron
therapy, whereas liver therapy appears, as a rule, to be less effective.
Since in benzene poisoning the urinary excretion of vitamin C is
decreased, indicating a depletion of the organism with regard to
vitamin C, and because definite favorable results have been reported
in benzene poisoning with the administration of vitamin C, a diet
rich in this vitamin may be of value. In view of the fact that in
chronic benzene poisoning the resistance of the organism to infection
is reduced, every precaution should be taken to prevent secondary
infections.
The higher homologue of benzene is methyl benzene or toluene.
In contrast to benzene, this is oxidized in the organism to benzoic
acid, conjugated with glycine, and excreted as hippuric acid. It is
absorbed from all mucous membranes and from the intact skin. It
causes more marked irritation of the skin and mucous membranes
than does benzene, and its acute toxicity and narcotic action are also
more marked. In contrast to benzene, the effect of toluene on the
blood picture is much less marked, as has been established by Huit-
gren, Batchelor, and Winslow with subcutaneous injection. Studies
carried out in our laboratory with inhalation of vapors showed that
with this form of administration toluene has no marked effect on the
blood picture, even with daily exposure to 5000 p.p.m. over a period
of six weeks. With regard to pathologic changes, especially of the
bone-marrow, even such high concentrations gave no evidence of an
injurious effect on the myeloid tissue. Rats exposed to concentra-
tions of 600, 2500, and 5000 p.p.m. showed, however, a temporary
enlargement of the liver and a decrease of the spleen volume, the
former also having been observed in man by Greenburg and his
associates. The reason for this and the significance of these findings
are not yet understood. Regarding the toxic effects of toluene on
man, the literature is very scanty and an exact appraisal of its
hazards is very difficult, because only exceptionally is there an
exclusive exposure to toluene, for in industry it is usually mixed
with xylene, benzene, and other solvents. Our own studies indicate
that continued exposure to 200 p.p.m. does not cause injurious effects
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on the organism except that such a concentration may affect moder-
ately the reaction time and judgment, and thus render persons
exposed in this way more prone to accidents, especially in those oper-
ations which offer special risks.
The next higher homologue of benzene is dimethyl benzene or-
xylene, which exists in the form of three isomers, ortho-, meta-, and
para-xylene, according to the position of the two methyl groups to
each other. It appears that of these the para and meta compounds
are oxidized in the organism to the corresponding toluic acids, con-
jugated with glycine, and excreted as toluric acid, whereas the ortho
compound is oxidized to oxytoluic acid. It is, however, questionable
whether or not these findings, made in rabbits, also hold true for the
human organism. Xylene is absorbed from all mucous membranes
and, to a moderate extent, from the intact skin; it causes more
marked irritation of the mucous membranes and of the skin than do
the lower homologues. The para compound is more toxic than the
ortho and meta compounds, and with this isomer the narcotic action
is preceded by twitchings and tremors. The narcotic action of
xylene is considered to be slightly greater than that of benzene and
toluene. According to Batchelor and to Winslow, xylene does not
have the injurious effect on the blood and blood-forming organs
observed with benzene. As pointed out in the discussion of toluene,
reports on the toxicity of xylene for man refer also mostly to mixed
exposure. The subjective complaints frequently reported are fatigue,
headache, lack of appetite, nausea, and vertigo; in addition, nervous-
ness, irritability, tremors, and cardiac distress have been reported in
xylene poisoning. In man, moderate leukopenia and moderate
lymphocytosis have been reported as sequelae of xylene exposure,
but it should be pointed out that this has not been observed in animal
experiments. Prevention and treatment of xylene poisoning should
follow the methods outlined for benzene.
Ethyl benzene is the isomer ofxylene. It is completely oxidized
to benzoic acid, and, since the carbon atom closest to the ring is
oxidized first, acetophenone is formed as an intermediate product.
The benzoic acid formed is conjugated with glycine and excreted as
hippuric acid. Ethyl benzene is absorbed from all mucous mem-
branes and presumably also from the intact skin. It causes an irrita-
tion of all mucous membranes and of the intact skin which is more
marked than that observed with benzene; 0.1 volume per cent is veryYALE JOURNAL OF BIOLOGY AND MEDICINE
irritant to the eyes, but may be tolerated after sometimei 0.2 volume
per cent causes irritation of the throat, vertigo, and oppression in the
chest. It is not known whether or not ethyl benzene affects the blood
and blood-forming organs, but from its fate in the organism it would
appear that in this respect it is no more toxic than is toluene.
The corresponding unsaturated compound, ethylene benzene or
styrene, is one of the starting materials for synthetic rubber. Its
toxicological action is now being studied, but at present no informa-
tion is available.
The higher homologue of ethyl benzene, propyl benzene, is also
oxidized in the organism to benzoic acid, conjugated with glycine,
and excreted as hippuric acid. The irritant action on the skin and
mucous membranes is said to be intermediate between that of benzene
and ethyl benzene, and its narcotic action is said to be greater than
that of benzene. Cases of human poisoning have not been reported.
One ofits isomers, methyl-ethyl benzen.e, is slightly less effective
with regard to its narcotic action; the same holds true for another,
isopropyl benzene or cumene, and more so for 1,2,4-trimethyl ben-
zene, pseudo cumene, but to a lesser degree for 1,3,5-trimethyl ben-
zene or mesitylene.
The higher homologue of propyl benzene, methyl-propyl ben-
zene or cymene, exists in the form of three isomers, of which only
the para compound has been studied toxicologically. It is oxidized
to cumenic acid. On account of its low vapor tension its narcotic
action cannot be evaluated; it resembles in its action pseudo cumene
(1,2,4-trimethyl benzene) and has no anemiagenic nor leukopenic
action.
Its isomer, n-butyl-benzene, has also a very low vapor tension
and hence its toxicity appears to be limited, but it is said to be more
toxic than is its isomer, di-ethyl benzene.
The higher homologues of benzene, amyl benzene and p-ethyl-
propyl benzene, have not been studied toxicologically. Their vapor
tensions are very high and therefore their industrial use probably
offers little hazard.
In judging on the potential dangers of aromatic hydrocarbons
one has to distinguish between their acute toxicity and the chronic
toxic effects. They generally cause a progressive depression without
distinct primary irritation which later may be followed by twitchings
and convulsions which are especially marked in the case of toluene.
Reflexes can be elicited usually until shortly before death, which
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results from respiratory paralysis while the heart continues to beat.
One of the chief characteristics of these compounds is their marked
effect on the peripheral circulation resulting in a dilatation of the
blood vessels. Especially, compounds with substitution of two
hydrogen atoms MOMNIMALNAAOric 0CENTRAT0JS OFAROUAHYDROCARBONS.
by alkyl groups in N _MA A
paraposition cause _ NZ_W
in mice tremors TaJIENE
of the wholebody ETXLBENZ
and a peculiar MXYLENE
rigidity of the P-
tail, and these ISoPPwIL-BENzcE
tremors may
P-MEEtKE t r e m o r s may l;2.4TRIWn*saFNDEN
gradually pass in- 135-TRMB 4ENE
to twitchings
which persist up P-METP0P.-BENZE
to the beginning
of the paralytic FIG. 1. Toxicity of aromatic hydrocarbons with inhalation. (Laza-
stage. rew, 1929.)
Figure 1 illustrates the narcotic action of various aromatic hydro-
carbons as determined by Lazarew in mice. It shows that introduc-
tion of one alkyl group increases the narcotic action (benzene, toluene,
ethyl benzene, propyl benzene, butyl benzene). Introduction of a
second alkyl group causes less toxic substances (toluene -+ o-xylene,
methyl - ethyl
COMPARISON OFMIN.NAF4OTCAMIN. FATAL benzene, methyl-
C-ONCENTRATK)NSoFAROMATHYDFOXARBC)NS propyl benzene,
NAME _ -O MDL. PER LiTER C AIR and ethyl ben-
BENZEN_ zene and diethyl
EL-BENZENE benzene); that of
O-XYLE ta third alkyl M-XYLENE
P XYLENC group even more
MOM-WDIZEN- so (xylene- tri-
FIG. 2. Margin of safety of aromatic hydrocarbons with inhala-?
methyl benzene);
tion. (Lazarew, 1929.)y and the hydro-
carbons with a
branched side chain are less effective than are those with a straight
chain (isopropyl benzene and propyl benzene).
Figure 2 illustrates the margin of safety between the narcotic
and fatal concentrations of some of these compounds. It shows that182 YALE JOURNAL OF BIOLOGY AND MEDICINE
with the higher homologues of benzene it is, as a rule, much smaller
than with benzene itself.
With regard to the comparative toxicity of benzin (gasoline) and
benzene (benzol) it has been established that benzol is more effective
than benzin, and the same holds true to a much greater extent for
their effect on the blood and blood-forming organs.
PHYSICO-CHEMICAL ADBKX0GIC PROPERTIES OFHYDROCARBONS.
BOIL.P MIN.NAROTIC MIN.FATAL EtFET ON BLOODPICTUE IRRITA-
AW_ C S__C.GR_ 00001 MOL / LITER CNVUL5IVE R BC HEMIG4 WBC TION
PENTANE 363 0.630 NO - - - t
HEXANE so 0.661 Sih - H- ++
NEPTANE 98.3 0.682 YES (LOW) - _
2- METHYL-HEXANE 9O%3 0.680 NO ++
OCTANE 125-6 0.706 N0 - _ -_
5-DIMETHYL-HDEXANE IOU C.710 . .NOS _ - -
3METHYL--BTINE 28-9 .68 NO - _ _
PENTENE CMX(ED) _] _- - _ -
3- METHYIat.e-BUTAEN 401 .3 o NO - - -
oB-HEXENE 63A 0.673 NO - _ - ++
et- HEPTENE 85-100 NO - + +
LOPARAFF NE-
CYCLO PENTANE 49-50 0.745 NO N - - +
METWYL-CYCLOPENTANE 72 0.749 Is SOME - +
CYC:LOHEXANE 80-1 L779 °N O N O N0 N
METHYL- CYCLOHEXANE 101 0.769 NO - - - -
ETHYL-CYCLOPENTANE 103.5L - YES - - - +
OIMETHYL-CYCLOHEXANE 120.5- _ NO - - - -
ETHYL-CYCLOHEXANE 128 L NO - - - -
PF)PYL-CYCLOPENTANE ajs L NO - - -
UN1% T0CD ARFFVINES
CYCLOHEXENE 833 0.810 SOME
CYCLOHEXADIENE 042 NOL_ _ME_ AIkOMA-FIC HYnR( ARR J t
BENZENE 79.6 A." YES L8. RED. R RE
TOLUENE 110.8 8 SOME SLREQ SL. REQ N O .. .ED
ETHYL- BENZENE 136.2 0.867 TREMORS - - +
P-XYLENE 1385 Q861 SOME
M-XYLENE 138.8 0.8 NO SOME NO EC NO +t+
O-XYLENE 144 N .......U.O
SOPROPYL- BENZENE 153-4 Q864 NO - -
PROPYL- BENZENE 158 0.82 NO - - - ++
P-METHYL-ErHYL-BENZENE 162 L - NO - _ _ _
135-TRIMETHYL-BENZENE 184.6 6 N O O N OEO NO RE0N0 REO -
$-TRIMETHYL-BENZENE 1693 0.876 0 NO S. RED SL.RED NO RM -
BUTYL- BENZENE 180-3 0.868 * NO - - - -
METHYL-PWPcaBENZENE 1,83-4 84 NO _ - - -
P-DIETHYL- BENZENE 182-3 06865 ] NO - - - -
FIr. 3. Comparison of the physical chemical properties of hydrocarbons with their narcotic con-
centrations. Minimal fatal concentrations and their margin of safety. * = Minimal fatal concentra-
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The comparison of the toxicity of benzin and benzene (benzol)
is always impaired by the fact that the former presents a mixture of
different hydrocarbons. If these were exclusively members of one
aliphatic series such attempts at an appraisal of the comparative
toxicity would not be so difficult, because boiling point and specific
gravity might give sufficient indication of the composition. But
since different brands of benzin may vary with regard to the compo-
sition as to paraffins, olefines, cycloparaffins, and also aromatic hydro-
carbons, such appraisal is only possible if analytical methods are
developed to allow the isolation of such fractions.
In Figure 3 an attempt has been made to show, on the basis of
available information, that such appraisal may be possible. In the
paraffin series the first fraction of a boiling point of 36-70° C. and
a specific gravity of 0.63 to 0.66, comprising pentane and hexane, is
probably little toxic as far as the narcotic and irritant actions are
concerned. The next fraction, boiling between 98 and 1100 C. and
with a specific gravity of 0.68 to 0.71, has more marked narcotic and probably less pronounced convulsant properties, causes more marked
irritation, and has, as far as information is available, a very narrow
margin of safety.
The lowest fraction ofthe olefines, boiling between 28 and 42°C.
and with a specific gravity of 0.68, also has narcotic properties but a
comparatively wide margin of safety; the higher homologues boiling
between 63 and 1000C. are more potent as narcotics and have also
more irritant action. The lower fraction of the cycloparaffins, boil-
ing between 50 and 80°C. and with a specific gravity of between
0.74 and 0.77, has narcotic properties but is less irritant than the
corresponding olefines. Cycloparaffins of a boiling point between
100 and 1300 C. are characterized by marked narcotic properties and
a narrow margin of safety, and the same holds true for their unsatu-
rated derivatives. It should be pointed out that the hematotoxic
properties of these compounds have not been sufficiently studied to
allow a definite appraisal of their potential dangers in this respect.
Of the aromatic hydrocarbons, the lowest fraction, boiling
around 80°C. and with a specific gravity of around 0.88, contains
largely benzene which has marked narcotic and some convulsant and
irritant properties with a marked injurious effect on the blood and
blood-forming organs. The next fraction, boiling around 11 0°C.,
consists largely of toluene that has slightly more marked narcoticYALE JOURNAL OF BIOLOGY AND MEDICINE
and irritant properties and.a smaller margin of safety but less marked
hematotoxic action. The same holds true for the next fraction,
consisting largely of ethyl benzene and xylene. The last fraction,
boiling between 150 and 1830 C. and consisting of the higher homo-
logues of benzene, is characterized by marked narcotic properties.
They are, however, potentially less dangerous on account of their
high boiling point. As far as the available data indicate they have
little or no effect on the blood and blood-forming organs.
It appears that on this basis a better appraisal of the health haz-
ards of hydrocarbon solvents can be worked out than by the toxico-
logical study of different brands of such solvents, the composition of
which is not known, and which, in spite of similar boiling and flash
points and specific gravity, may vary considerably with regard to the
percentile composition of paraffins, olefines, cycloparaffins, and aro-
matic hydrocarbons.
For more detailed information on the toxicity and potential dangers of ali-
phatic and aromatic hydrocarbons and for the pertinent literature the reader may
be referred to:
von Oettingen, W. F.: Toxicity and Potential Dangers of Aliphatic and Aro-
matic Hydrocarbons. A critical review of the literature. Public Health Bulletin
No. 255, Government Printing Office, Washington, D. C., 1940.
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